This paper presents a novel approach to the multiresolution analysis and scalability in video indexing and retrieval. A scalable algorithm for video parsing and key-frame extraction is introduced. The technique is based on real-time analysis of MPEG motion variables and scalable metrics simplification by discrete contour evolution. Furthermore, a hierarchical key-frame retrieval method using scalable colour histogram analysis is presented. It offers customisable levels of detail in the descriptor space, where the relevance order is determined by degradation of the image, and not by degradation of the image histogram. To assess the performance of the approach several experiments have been conducted. Selected results are reported in this paper.
INTRODUCTION
Having an indisputable success, development of visual content-based indexing and retrieval (CBIR) systems has settled down offering a wide spectrum of low-level perceptual content representation. However, the scalability problem remains open. Lack of video analysis at the desired level of detail and absence of scalable hierarchical indexing and retrieval methods were the main inspiration for this work. First task of a CBIR system is to parse video into temporal semantically coherent units and to extract a set of frames that represent the visual semantics of the sequence in the best way. Considering the fact that video is nowadays mainly stored in compressed form. we will focus on video parsing algorithms that utilise features extracted directly from compressed vidw streams ( 
KEY-FRAME EXTRACTION METHOD
Since the MPEG sequence has a high temporal redundancy within a shot, a continuously strong interframe reference will be present in the stream as long as no significant changes occur in the scene [91. The "amount'. of inter-frame reference in each frame and its temporal changes can be used to define a metric, which measures the probability of scene change in a given frame. We propose to extract only macroblock (MB) type information from the MPEC stream and, by analyzing it, to measure this "amount" of inter-frame reference.
Without loss of generality we assume that a Group Of 
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and nT(i). The metric A(i) used to determine a visual difference measure within a frame triplet is defined as:
By analping the prediction character and behaviour in one frame triplet. we can estimate the changes in visual content within. Depending on the frame type T(i), there are three different linear combinations of variables *(i), h(i). d i ) and n&) for both bi-directional frames in a frame triplet. Each linear combination has hvo main coefficients that are directly proportional to the visual content change within predicted and reference frame in a frame triplet (k=+l), and two that are inversely proportional (k=-l) to it. Additional factors k, and k, are describing overall change in a triplet. one in direct (k,=0.5) and one in inverse (k=-0.5) proportion.
Since the metrics value is determined separately for each frame and the content change is based on frame triplet element low-pass Gaussian filtering with kernel proportional to triplet length is applied to eliminate the noise.
In order to extract a number of representative frames from the sequence the previously defined difference metria A(i) is simplified in a way that spurious and small changes in the metrics curve are discarded without any influence on the main features of the difference metrics. The algorithm that has these features is Discrete Curve 
where hist' is a set of previously removed components.
The value of Dfb) is equal to the number of image pixels that got removed during the histogram simplification process. The user can predefine the levels of the image degradation according to the addressed application.
To measure the colour similarity between key-frames at a given scale, the Hausdorf metric is applied. Each histogram is represented hy a set of points A = {PI, pz, ..., 
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After the number of experiments with different abstraction rates and different video content, the conclusion is that the key-frame extraction algorithm shows good visual content summarising results that can be used to perform high-level semantic analysis. Figure 3 shows the curve evolution of the metric at the different level of detail. This evolution corresponds to a short commercial clip. It can be seen that the DCE algorithm removes less significant changes step by step without dislocating the vertices of the original curve. A database with population of about 1200 images has been used for retrieval evaluation. The implemented graphical user interface comprises several functionalitis: key-frame browsing by subjective similarity. relevance feedback, spatial region analysis, etc. Query by example evaluation showed excellent results bath in terms of visual and content similarity.
CONCLUSIONS
A novel approach to the scalability issues in CBIR systems is proposed. First, a scalable algorithm for temporal video parsing and key-frame extraction that uses statistics of the MPEG motion variables was introduced.
Experimental results presented in Section 4 show high accuracy and robustness with real-time processing capability and completely scalable analysis. We are investigating possibilities of improving the quality of keyframe presentation and introducing tbe high-level semantics descriptors.
A scalable and efficient technique for key-frame image indexing and retrieval using colour histograms has been also developed. A family of quantised histograms that generate the descriptor space is arranged by a criterion based on image degradation. The implemented system allows content-based search and adaptively weighted relevance feedback. Currently the comparisons between the results obtained with the implemented system and other quantization techniques are performed to measure the effectiveness of the proposed approach. Further research should consider self-learning ability and a more advanced interpretation of the relevance feedback. Additional visual primitives derived from texture and shape should also be included in the final system. Additional criteria for both image degradation measure and histogram relevance measure should be further investigated (e.g. Earth Movers Distance).
